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Molecular basis for the long QT syndrome. In the preccd- 
ing article in this issue of the Journal, Vincent (I) proposes 
9 hypothesis to account for the electropathology of the 
Romano-Ward variant of the long QT syndrome. Two criti- 
cal and recent advances in molecular cardiology form the 
basis for this brief but timely review of an elcctrophysiologic 
disease that results in sudden death in the absence of 
obvious muscle abnormality. First, Keating et al. (2) at the 
University of Utah have mapped the long QT syndrome 
locus to the Harvey rtis-I gene in seven families. The latter 
is located on the long arm of chromosome I1 and the protein 
product of the gene is a guanine nucleotide binding protein 
(3). Guanine nucleotide binding proteins, also called G 
proteins, are factors that couple various hormone receptors 
and effecters, such as adenylyl cyc!ase, phospholipase C and 
ion channels (4). The second advance was the observation 
that both G proteins (Gk) and MS proteins (~21 ras) modulate 
acetylcholine-activated potassium ion (K*) channels in atrial 
cells (56). 
Taken alone, neither the work of Keating et al. (2) nor the 
demonstration of G protein regulation of a K’. channel 
pinpoints the molecular basis for the long QT syndrome. 
Moreover, the absence of linkage to Harvey ~rs-I in four 
families and the existence of at least two additional forms of 
long QT syndrome (the sporadic form and the Jervell-Lange- 
Nielsen syndrome) make it likely that the underlying genetic 
abnormalities are heterogeneous. Finally, early speculators 
have placed their bets on the ik (delayed rectifier) channel 
and not the acetylcholine-activated K+ channel because the 
latter is probably not the major determinant of repolarization 
in human ventricular muscle. So why all the excitement? 
mano-Ward syndrome. As a disease entity, the 
Romano-Ward syndrome has been well described and, from 
a physiologic perspective, well characterized. Some of the 
more obvious features such as sudden death associated with 
emotional or physical stress. presence of afterdepolariza- 
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tions and bradycardia at rest were noted long before there 
was hope of defining specific molecular mechanisms (7). The 
implication of K+ channel involvement derives largelv from 
the demonstration that various pharmacologic agents and 
cations such as cesium (Cs’) that decrease K+ conductance 
also can produce an acquired long QT syndrome. In partic- 
ular, Cs+ elicits many of the electrophysiologic abnormali- 
ties of the long QT syndrome, including afterdepolarizations 
and ventricular arrhythmias sue as torsade de pointes (tt 
Of course, an obvious feature the disease is a strong 
dependency of arrhythmia ala autonomic stimulation (7,9). 
Although it is not clear whether al or beta ergic 
receptor activation alone or in conce required duce 
the abnormalities, left-sided autonomic denervation seems 
to improve survival in affected persons (IO). 
In short, there is convincing, although circumstantial, 
evidence pointing to a problem in autonomic regulation of 
K” conductance in myocardial cells. ~inpointilig a single 
protein or family of related proteins underlying this seem- 
ingly logical but complex electrophysiology may 
paradigm needed to unlock the molecular bas 
arrhythmias (9). This is certainiy worth getting excited 
about! 
Role of G proteins. But why G proteins instead of an 
errant K’ channel? Vincent (1) points to bradycardia at rest 
as evidence for abnormalities in 1, (the pacemaker channel) 
function. In addition, the studies of Yatani et al. (11) have 
establish a role for G proteins in the regulation of this 
channel. cause there is no evidence for generalized auto- 
nomic receptor dysfunction in the Romano-Ward long QT 
syndrome. and mutations affecting t ao ion channels simul- 
taneously are unlikely, a logical avenue for further investi- 
gation would seem to be a signal transduction system that 
regulates more than one type of channel. 
Once this conclusion is reached, the situation gets a bit 
fuzzy because of insufficient data. Certainly, the multiplicity 
of genes encoding unique alpha subunits of the G proteins 
offers an opportunity both for diverse regulation and for 
potentially numerous genetic mutations (12). In addition, the 
beta-gamma subunit complex of G proteins has been shown 
to modulate certain K+ channels (13). Furthermore, the G 
proteins are subject to regulation both by other proteins and 
by post-translational modifications (that is, phosphoryla- 
tion). Quite possibly, abnormalities in these “extrinsic” 
modulators could account for defective G protein functions. 
Finally, it is possible that the small guanine nucleotide 
binding proteins (H-ras-I or p21-rcls, for example) are in- 
volved in myocardial ion channel regulation as they are 
structurally and functionally related to the alpha subunits of 
the G proteins. Thus, even if a defective G protein underlies 
the problem, work remains to be done to define the mecha- 
nism of the dysfunction. 
Implications. Although a great deal more information will 
be forthcoming in the future regarding the diversity, regula- 
tion and genetic polymorphisms of myocardial G proteins 
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